In this paper, monthly values of rainfall (P) and temperature (T) recorded in Southern Italy (Calabria and Sicily) during the period 1921-2000 are investigated. In particular, a series of 211 raingauge and 53 temperature stations are analysed for evidence of trend by using the linear regression and the Kendall non-parametric test. The tests are applied at a seasonal and annual scale; a spatial analysis is also carried out at both a regional and sub-regional scale in order to check the effect of different sub-areas on these trends. An additional investigation useful for checking the climate change effects on vegetation is also included analysing bioclimatic parameters such as evapotranspiration and aridity index. The results obtained confirmed, for the two investigated regions, the importance of the climatic analysis carried out at a regional scale. In fact, the tests showed for both the P and T records a strong difference between the two investigated regions. In particular, the total annual P showed a decreasing and increasing trend with -344 and 197 mm/100 years respectively in the Tyrrhenian and Ionian sub-regions of Calabria and a decreasing trend with -179 mm/100 years in Sicily. A decreasing trend is evident in the Tyrrhenian sub-region for the mean annual values of T max (-3.2 °C/100 years) and T min (-2.9 °C /100 years); a different trend is shown in the Ionian sub-region where the mean annual values of T showed an increase of 2.2 and 0.9 °C /100 years for T max and T min respectively. In contrast, a clear increasing trend (1.8 and 2.2 °C /100 years) is shown for both T max and T min in Sicily. A detailed analysis involving the calculation of 10-year moving averages, showed a significant change of trending after the 1950s for P and after 1970s for T.
Introduction
It has been observed that during the last 100-150 years the Italian climate has changed and it has resulted in a rise of temperature and aridity. According to Brunetti et al. [1] , during the period 1865-2000, the mean annual temperature (T ya ) indicates a 0.4°C/100 years rise within the northern areas (N) of the country (continental zone) and a 0.7°C/100 years rise in the central (C) and southern (S) Italy (peninsular zones). More particularly, at seasonal scale, the slopes of the regression line are greater during the winter season, ranging from 0.7°C/100 years (N) to 0.9°C/100 years (S), while for the summer season they are lower and in some cases not significant. A negative trend of the annual rainfall (P y ) is evident within both N and S areas with a slope equal to -47 mm/100 years and -104 mm/100 years respectively which mean, for the investigated period, 7% of the mean rainfall for the northern area and 18% for the South. This decreasing trend occurred particularly after 1950 since then the number of wet days (N P ) has also decreased. The maximum annual temperature (T ymax ) series show a slope of the regression line ranging between 0.4°C/100 years for N and 0.6°C/100 years for S while the minimum annual temperature (T ymin ) series show slope values between 0.3°C/100 years for N and 0.5°C/100 years for S. According to Brunetti et al. [1] , the most important contribution to this positive trend is due to roughly the last 20 years (before 1996) for N and to roughly the last 50 years for S. In respect to extreme events, it has resulted an increase of rainfall intensity within both N and S areas [1] , [2] and a tendency toward an increase in drought [3] , [4] , [5] , [6] .
Other investigations carried out in Italy [4] , [7] showed a different behaviour of the same climatic series if a subdivision of the N and S areas into smaller subregions is taken into account.
For this reason, it seems necessary to investigate the climate change on a regional scale where different geographical factors (e.g. distance from the sea, elevation, aspect) are likely to influence the magnitude of these trends. Such investigation can be useful not only in terms of improving scientific knowledge but also to provide the Italian government with useful information in order to make the right choices in planning future activities.
Calabria and Sicily ( Fig. 1 ) are two regions located in South Italy and are particularly prone to be investigated at local scale because of their geographic characteristics and local orographic features. In particular, Calabria (Ca) is a narrow (with a width ranging from 30 to 95 km) and long peninsula extending from North to South for about 250 km; a mountain range (Apennine) runs in latitude and divides the region into two opposite areas: the Tyrrhenian and the Ionian zones. This mountain range is located almost perpendicularly to the direction of the dominant moisture-bearing winds and for this reason it causes a very strong variability in terms of rainfall and temperature patterns considering also the different altitudes and aspects [8] ; that is why it is easy to find flat and semi-arid coastal areas (T ya and P ya equal to 17.4°C and 683 mm respectively) as well as mountain zones with T ya equal to 9.1°C and P y equal to 1242 mm (the highest in the South). Locally, the annual rainfall P y ranges from 1107 mm over the Tyrrhenian area (CaT) to 945 mm over the Ionian zone (CaI). Sicily (Si) is the largest island of the Mediterranean Sea. According to traditional geographical distinctions for making sub-regional analysis, Sicily was divided into three homogeneous sub-regions (North, East, and South in Fig. 1 ). Each sub-region is separated from the others by mountain ranges and for this reason the rainfall pattern is different from area to area. Locally, the annual rainfall P y is 591 mm in the South area (SiS), 735 mm over the East area (SiE) and 717 within the North sub-region (SiN). Because of its particular geographic location in the centre of the Mediterranean Sea, Sicily was often investigated as a key region in order to explain the climate evolution within the Mediterranean basin [8] .
To date, the studies carried out in this area are limited on a few stations (5 for temperatures and 11 for rainfalls -see Brunetti et al., [1] , [2] ) and for the reasons explained above it could be of interest to extend this investigation on a greater number of stations in order to give useful information on climate change in Mediterranean areas.
The study proposed here aims at analysing temperatures and precipitations over the two regions (Calabria and Sicily) for the period 1921-2000, using weather stations with high spatial resolution. The analysis also includes the use of bioclimatic indexes because in agro-forestry environments the consequences of climatic change depend on the interaction between temperatures (maximum, T max , minimum, T min , and mean, T a ) and rainfalls (P m ), that can be summarised by appropriate indexes which account for aridity and plant water demand. Even if a considerable number of stations was considered, many of these sites were neglected because long periods of malfunctioning.
Data and methods
The analysis was firstly carried out on a dataset including 53 temperature and raingauge stations (25 of which in Ca and 28 in Si). These sites were selected considering the dataset continuity as well as geographic and altitude representativeness; datasets with more than 20% of lacks (with some exceptions) were also neglected.
An additional database including only rainfall series (monthly, seasonal and annual) and composed of 158 Calabrian stations was also used in the analysis in order to get more details about the spatial variability over the investigated regions. For this database an additional analysis involving the number of wet days, N p , was carried out for the period 1951-2000. The analysed weather stations are located as in figure 1 .
Although no specific tests were applied, we suppose that the series used here are homogeneous because they were collected using the same criterion that did not change during the analysed period; also, specific tests involving Sicilian data only, did not show particular anomalies due to malfunctioning [6] .
The monthly values of T max , T min , T a and P m were also used to calculate the following indexes: a) the monthly reference evapotranspiration, ET 0m , estimated by Hargreaves formula [9] that, for sites where no direct radiation measurements are available, assumes the following form: where Ra (mm d -1 ) is the extraterrestrial radiation, calculated on the basis of latitude and calendar day [10] ; d is the number of days of the month. The Hargreaves equation was chosen because it represents a good compromise between simplicity (because based on temperature data only) and goodness of results in many environments [10] including Sicily [11] ; b) the aridity index, AI, calculated using the following equation: 
The monthly series of T max , T min , T a and P m were also analysed at sub-regional scale within the two Calabrian (CaT and CaI) and the three Sicilian (SiN, SiE and SiS) homogeneous sub-regions.
Seasonal and annual mean values of temperature and rainfall for each subregion were checked with the Mann-Kendall non-parametric test, as described in Hirsch et al. [12] to look for a trend. The slope of the trends was calculated by least-square linear fitting. An additional analysis involving the 10-years running averages was carried out with the aims to show the long period tendencies.
The indices ET 0m and AI were analysed by splitting the study period into two sub-periods: from 1926 to 1962 and from 1963 to 2000. For each period, we calculated the slope of the regression lines and the percentage of stations for which the t-test [12] at the 0.05 level was significant.
Results

Yearly and seasonal temperature and precipitation analysis
The mean values b of the calculated slopes of the regression lines for the investigated stations are listed in Table 1 together with the proportion of weather stations for which the Mann-Kendall test showed significant values (at the 0.05 level of significance).
The T ya values showed increasing trends in all zones and sub-zones, with b values ranging from +0.1 to +2.2 °C/100 years, with the only exception of CaT (where b = -1.4 °C/100 years). In general, the b values calculated for Si were greater than those resulted in Ca. The higher increments occurred during the winter season in Si and during the spring in Ca where T ya also showed a decreasing trend in autumn and, only for CaT, in summer and winter.
The analysis carried out for T min showed in most cases b values greater than those related to T max . The T min increase was similar in all seasons; conversely, the T max increase was greater in autumn and in winter.
At seasonal scale, the analysis showed the highest b values in Si and in particular for SiS.
The percent of weather stations for which the Mann-Kendall test (K, %) showed significant values was always greater than 50% for the annual values of T a , T max and T min . At seasonal scale, the highest percentages occurred in Si, with values greater than 80% particularly for T min . Mean values of linear regression coefficients (b), and percent of stations with significant trend (Kendall's test, K, %) for temperatures (T) and rainfalls (P) of Sicily (Si) and Calabria (Ca). The annual values of rainfall showed decreasing trends in all zones and subzones, with b values ranging from -153 to -344 mm/100 years; the decrease was greater for Ca while it covered about 21% of the mean annual rainfall of the investigated period for both the regions. Where b was positive (CaI) the percent of stations with significant trends was very low (1%) and can be neglected.
Negative trends occurred in autumn and winter, with b values ranging from -72 to -176 mm/100 years, with the only exception of CaI. During these seasons, although almost all the stations showed decreasing trends, these were significant, for more than 50% of the sites, only for winter rainfalls of Si.
A greater variability occurred for spring rainfalls, while the summer ones showed positive values of b (between 2 and 106 mm/100 years).
The rainfall decreasing trend seems to depend principally on the decrease of N p (number of wet days); in particular, for Ca, during the period 1951-1998, N p decreased of 32 days (b = 67 days/100 years); this decrease occurred especially during winter and spring.
Referring to long-period tendencies, the 10-years running averages showed complex and different behaviours from zone to zone and between the investigated climatic variables. T ya showed a strong increase since the 70s (Fig. 2) for Si; the trends are very similar from zone to zone. Conversely, the corresponding trends in Ca, since the same period, seem to be decreasing (Fig. 2) . In this case, if the T ay series are divided into two sub-periods of equal duration, it can be seen that in CaI, b is increasing during the first sub-period and almost equal to zero during the second one ; in CaT, b was almost equal to zero during the first period and negative during the second one. 
Bioclimatic indices analysis
The annual values of ET 0 in Si showed b values always positive and almost the same for the two investigated sub-periods during which its increase was about 5% of the ET 0 values calculated for the same sub-periods. At seasonal scale, the greatest rise occurred in summer, during the first sub-period and in spring during the second one . The proportion of weather stations that showed significant trends (t-test at 0.05 level of significance) was greater during the second sub-period and this behaviour can be explained by the greater temperature increase occurred during the same period. The aridity index AI showed a decrease in both the sub-periods, particularly during the second one , where it assumes a mean value equal to 0.62 (typical for sub-humid dry climate) that is less than the first period where its calculated mean value resulted equal to 0.70 (typical for sub-humid b = mm/100 year for ET ; mm mm /100 years for AI.
climate). The trends are significant (at the 0.05 level) for less than 20% of the considered weather stations.
Conclusions
The analysis carried out in this study which involved temperature and precipitation data covering a period of about 80 years, showed an increase of temperature (ranging from 0.1 and 2.2°C/100 years for the mean annual temperature) and a decrease of precipitation (ranging from 153 to 344 mm/100 years for the annual rainfall) over the two investigated regions (Calabria and Sicily) located in South Italy. The precipitation decrease can be explained by the decrease of the number of wet days N P according to other studies performed in different Italian regions. The calculated values of evapotranspiration ET 0 , which accounted for mean (T a ), maximum (T max ) and minimum (T min ) values of temperature, showed an increasing trend which was lower than that related to the temperature because T max and T min did not increase with the same magnitude.
The aridity conditions are not encouraging during the analysed period: the calculated Aridity Index (AI) showed values which tend to decrease from a first sub-period ) to a second one . This resulted in a climate change in Sicily from a sub-humid climate to a sub-humid dry climate.
Because of the geographic location and the particular orographic features of the two investigated regions which extend over 3° of latitude, a strong difference in terms of climate change occurred. These main differences can be summarised as follows: a strong increase in temperature has occurred in Sicily since the 1970s, while in Calabria the same variable showed steady values or a light decrease; T max and T min values have clearly decreased during all the seasons over the Calabrian Jonian sub-region (-3.2 e -3.9 °C/100 years respectively for T max and T min ); rainfalls have increased over the Calabrian Ionian sub-region (197 mm/100 years for P y ).
The overall results showed the importance of the climate change analyses at a regional scale and provide the Italian authorities with useful information to begin to assess the impacts of such climate changes on human activities.
